) and is a vector of Trypanosoma cruzi. Its geographical distribution is limited to the Brazilian states of Bahia, Espírito Santo, Minas Gerais (MG), and Rio de Janeiro (Galvão et al. 2003) . Although considered to be of secondary importance in T. cruzi transmission to man, this species shows high rates of trypanosome infection (Santos et al. 1969a ,c, Pinto et al. 1969 , Barros et al. 1975 , Sessa & Carias 1986 , Dias et al. 1989 , Gonçalves et al. 1998 , Santos et al. 2005 and is often captured in man-made habitats, with frequent reports of adult bugs invading houses (Santos et al. 1969b , Ferreira et al. 1986 , Sessa & Carias 1986 , Dias et al. 1989 , Gonçalves et al. 1998 , possibly attracted by light (Ferreira et al. 1986 to T. cruzi are very high, especially in adult bugs captured indoors in Itahomi. However, Chagas disease is rare in the area, a prevalence of only 0.4% has been recorded as part of a national serological survey (Camargo et al. 1984) . It is not known whether the low transmission of T. cruzi to man is due to characteristics of the vector (the long interval between feeding and defecation) or the strain of parasite involved.
The reduviid bug Triatoma vitticeps (Stål 1859) is one of 141 species of Triatominae (Galvão et al. 2003 , Galvão & Angulo 2006 , Costa et al. 2006 , Costa & Felix 2007 , Sandoval et al. 2007 , Bérenger & Blanchet 2007 , Martinez et al. 2007 ) and is a vector of Trypanosoma cruzi. Its geographical distribution is limited to the Brazilian states of Bahia, Espírito Santo, Minas Gerais (MG), and Rio de Janeiro (Galvão et al. 2003) . Although considered to be of secondary importance in T. cruzi transmission to man, this species shows high rates of trypanosome infection (Santos et al. 1969a ,c, Pinto et al. 1969 , Barros et al. 1975 , Sessa & Carias 1986 , Dias et al. 1989 , Gonçalves et al. 1998 , Santos et al. 2005 and is often captured in man-made habitats, with frequent reports of adult bugs invading houses (Santos et al. 1969b , Ferreira et al. 1986 , Sessa & Carias 1986 , Dias et al. 1989 , Gonçalves et al. 1998 , possibly attracted by light (Ferreira et al. 1986) .
The Itanhomi district is situated in the Rio Doce valley. Lying within an area originally occupied by the Atlantic Forest, it has a humid climate and mountainous terrain. According to technical reports of the Brazilian Health Service (FUNASA) published between 1990-1999, T. vitticeps is the predominant triatomine species collected in this area, and its infection rates by flagellates similar to T. cruzi are very high, especially in adult bugs captured indoors in Itahomi. However, Chagas disease is rare in the area, a prevalence of only 0.4% has been recorded as part of a national serological survey (Camargo et al. 1984) . It is not known whether the low transmission of T. cruzi to man is due to characteristics of the vector (the long interval between feeding and defecation) or the strain of parasite involved.
Among the available taxonomic marker techniques, morphometry of the head, random amplified polymorphism of DNA (RAPD) and isoenzyme analysis have been most used in triatomine population studies (Costa et al. 1997 , Dujardin et al. 1998 , Borges et al. 2000 , Soares et al. 2001 , Barbosa et al 2003 . We used these three techniques to investigate T. vitticeps population dynamics in the Itanhomi district. Itanhomi (19°11'15"S, 41°48'45"W) has an estimated population of 11,012 inhabitants. The urban and rural area comprise 93 localities. In 11 of the rural sites (Adão Daniel, Cabeceira do Guido, Francisco Inácio, Jesus Julião, Jose Horta, Jose Noberto, João Caboclo, Júlio Carlos, Liés Alves, Orides I, and Valico) the search for T. vitticeps was intensively performed in 2002 in domestic and peridomestic environments. The following year, sylvatic sampling was attempted in Cabeceira do Guido, particularly in a wooded area 100 m from a house where adult triatomines are periodically detected.
MATERIALS AND METHODS

Study area -
Houses in Itanhomi in which T. vitticeps was sampled conform to a distinct pattern of construction, being built on stilts.The floors of these dwellings are wooden and often have cracks that allow triatomines to pass in and out; the floor is a kind of roof for the open basement (classified as the peridomicile). Houses are built on stilt, providing shelter for domestic animals and storage of materials. Furthermore, 100-500 m from the houses there are remnants of Atlantic forest and rocks, constituting sylvatic habitat for the bugs. This peculiar characteristic of the locality is the proximity of the habitats.
Insects -A pool of T. vitticeps captured in Itanhomi was studied, consisting of species caught at intradomiciliary, peridomiciliary (around and under the stilt of houses), and sylvatic habitats. The T. vitticeps infestation rate was calculated based on manual collection in 256 houses (33 triatomines), and their respective outbuildings (16 insects). Thirty houses (11.7%) and six outbuildings (2.3%) were positive for this species. With respect to sylvatic captures, seven insects were collected in two light traps hung from 18:00-21:00 h on three consecutive nights near a house that was regularly invaded by triatomines in Cabeceira do Guido. Each trap consisted of a white sheet 2.5 m long by 1.5 m high, hung vertically 80 cm above the ground, with a 250 W white fluorescent lamp positioned centrally behind it. The insects were transported to the laboratory, maintained under controlled conditions of temperature (27 ± 2°C) and relative humidity (60 ± 10%), and weekly fed on chickens. All the females were fertile and laid eggs. Adult insects of the first laboratory generation were used to perform the experiments.
Morphometry -A series of six measurements of the head of 15 males and 15 females from each habitat were taken (Fig. 1) , as recommended by Dujardin et al. (1998) . The measurements were made using the KS/300 computerized image analysis system, with a Carl Zeiss KONTRON Electronic GMBH model at a magnification of 30x. The values obtained were transformed into natural logarithms and submitted to uni-and multivariate analyses. Univariate analysis was performed by calculating Guillaumin profiles (Guillaumin 1972) , calculated from the difference between the group and overall means for each variable, divided by the standard deviation showing the relationships of size among the variable measurements, using the Microsoft Office Excel programme version 2003. The values were submitted to analysis of variance by Tukey's test using the Minitab release program 13.20. Multivariate analyses were performed separately for males and females. Analysis of the common principal components is a multivariate analysis method that examines the different matrices of variancecovariance. This analysis combines all the variable measurements, giving rise to new variables or factors, where the first common principal component is that related to size. Discriminant analysis was also performed to obtain the components of shape. This analysis generates independent factors formed from all the common principal components except the first. These factors are denominated discriminant functions or canonic variables. Their purpose is to discriminate the pre-established groups by the observer, based not only on their size but also on their form. Factorial maps were constructed to illustrate the possible differences of size and form between the sexes and populations. The significance values are given according to Wilks (1932) . Multivariate analyses were made using the JMP 3.1 and NTSYSpc 2.0 programmes.
RAPD -Legs were removed from adult insects (10 males and 10 females) and stored at -70°C. DNA was extracted using a leg from each insect and the Promega commercial kit (Wizard Genomic DNA Purification System) following the extraction protocol modified by Borges et al. (2000) . The concentration and degree of purity of DNA extracted was estimated by spectrophotometric reading (GeneQuant, Amersham Pharmacia Biotech) to 260 and 280 nm from 60 µl of the DNA solution, this being rejected later. The four primers used -3302 (5′ CT-GATGCTAC 3′), 3303 (5′ TCACGATGCA 3′), 3304(5′ GCACTGTCA 3′) and 3307 (5′ AGTGCTACGT 3′) -were selected based on their reproductive profiles and the great variability of displayed bands. The amplification products were visualized in 8% polyacrylamide mini gels stained with silver. A negative control was included in each mini-gel. Due to the homogeneity of the RAPD profiles presented among the groups, in the final analyses only seven randomly selected individuals of each sex and habitat and Rhodnius neglectus DNA (outgroup) were included in all the analysis.
The analysis of RAPD data was carried out according to the following assumptions: 1: the RAPD alleles segregate in Mendelian proportions; 2: bands of the same size are homologous; 3: different loci segregate independently; and 4: populations analysed are in Hardy-Weinberg equilibrium (Apostol et al. 1996) . Thus, the profile obtained by RAPD-PCR was used to construct binary matrices based on the presence or absence of bands. These matrices were used to calculate the allelic frequencies (Apostol et al. 1996) , allowing the following parameters of genetic diversity to be calculated: effective number of alleles (Ne), number of polymorphic loci (S), proportion of polymorphic loci (k), and mean heterozygosity (H). All these parameters were calculated using the PopGene programme, version 1.32. Genetic differentiation among the populations was evaluated by incrossing index (G st ), which is regarded as an extension of Wright's F st to the case of multiple alleles, since it is a weighted mean of F st over all extant alleles (Takahata & Nei 1984) . The genetic distances (D) was also used to evaluate genetic differentiation among samples from distinct habitats (Nei 1978) . All these parameters were also calculated using the PopGene programme, version 1.32.
A UPGMA dendrogram (unweighted pair-group method with arithmetic average) was constructed from the genetic distance values using the Mega program v. 2.1 (Kumar et al. 2004 ) to visualize the relationships among the samples studied. Binary matrices were also used to obtain the similarity coefficient of Dice (1945) and construct a UPGMA dendrogram using the NTSYSpc 2.0 program.
Isoenzymes -The wing muscles of 12 insects (6 males and 6 females) from each habitat were extracted by means of a section in the pronotal region, and ground in 100 µl of enzymatic stabilizer for cryopreservation (Dujardin & Tibayrenc 1985) . Ten enzymes were studied: malate dehydrogenase (MDH E.C.1.1.1.37), malic enzyme (ME E.C.1.1.1.40), glucose phosphate isomerase (GPI E.C.5.3.1.9.), glucose 6 phosphate dehydrogenase (G6PGD E.C.1.1.1.49), 6 phosphoglyconate dehydrogenase (6PGD E.C.1.1.1.44), isocitrate dehydrogenase (ICD E.C.1.1.1.42), α-glycerophosphate dehydrogenase (α-GPD E.C.1.1.1.8), peptidase 2 (PEP-2 E.C.3.4.13), phosphoglycomutase (PGM E.C.2.7.5.1) and alanine aminotransferase (ALAT E.C.2.6.1.2). The electrophoretic runs were processed in amide gels at 4°C (Romanha 1982 , Dujardin & Tibayrenc 1985 , the reaction buffers, developing solutions, voltages and running time were specific for each enzyme (Abderrazak et al. 1993 ).
RESULTS
Morphometry -
The Guillaumin profile clearly shows the presence of significant sexual dimorphism (p < 0.05) in the three samples of T. vitticeps studied. The intradomiciliary females were larger than the others and the sylvatic males the smallest. With respect to common main component analysis, the first main component (which corresponds to the size analysis) contributed 67.5% for the males and 71.3% for the females and no significant differences were revealed using the Tukey-Kramer test (p > 0.05). The factorial map constructed from canonical components for T. vitticeps samples (Fig. 2) , did not discriminate from distinct habitats (Wilks̉ Lambda p > 0.05).
RAPD -42 RAPD loci were displayed for the T. vitticeps samples (Fig. 3 ): 12 were obtained by primer 3302, 11 by primers 3303 and 3304, and eight by 3307; 22 out of the 42 loci analysed were polymorphic (k = 52.38 %). Variability was very low; samples from the peridomicile were the most polymorphic (S = 19 / k = 45.24 %), while the intradomicile were the lowest variable (S = 15 / k = 37.71 %). The Ne, as well as the H presented low values in all the populations studied (Table) . Both the G st and genetic distances were very low, ranging from 0.073-0.099 and 0.02-0.04, respectively (Table) . The dendrogram obtained from Dice's similarity coefficient (Fig. 4) shows a unique group formed by all T. vitticeps individuals, despite their habitat and sex (all indi- viduals lying very far from the phenon line). Approximately 87% similarity was detected among samples and there was no evidence of separation between the populations, as confirmed by the low values of genetic distance (Fig 5) .
Isoenzymes -No polymorphism was found in the electrophoretic mobility of the isoenzymes of T. vitticeps. The enzymes G6PD, PGM, ME, 6PGD, ALAT and ICD presented one band while GPI, PEP-2 and MDH present two, and α-GPD three. 
DISCUSSION
Morphometric analysis of the head is a technique that is commonly used in triatomine population studies (Dujardin et al. 1998 , Soares et al. 1999 , Borges et al. 2000 , Jaramillo et al. 2002 , Barbosa 2004 , Borges et al. 2005 . In univariate analysis, the Guillaumin profile allows samples to be compared for each character separately, providing information on the size and symmetry of one group in relation to others. In the present study this analysis revealed clear sexual dimorphism: females from each habitat being significantly larger than males. According to Dujardin et al. (1998) loss of sexual dimorphism by reduction in female size probably results from competition for food and greater energy expenditure for oviposition, and may be used as a marker for domiciliation. The fact that the present results showed a high sexual dimorphism level may indicate, once more, a low capacity of intradomiciliary colonization in T. vitticeps. However, in comparisons between individuals of the same sex and different habitats, none of the differences in size (ACPC) or shape (canonic components) was significant.
RAPD markers have been used in various studies of triatomine population genetics (Garcia et al. 1998 , Jaramillo et al. 2001 , Dorn et al. 2003 , Calderón et al. 2004 , Borges et al. 2005 , Barbosa et al 2006 . Using analysis of the similarity presented by RAPD profiles, Borges et al. (2005) observed a clear separation of Triatoma brasiliensis from the Brazilian state of Ceará into three samples from sylvatic, peridomiciliary and domiciliary habitats. The finding of some specimens with profiles corresponding to another habitat, such as peridomiciliary insects indoors and sylvatic insects in the peridomicile, demonstrated the exchange of triatomines between these habitats, suggesting that the peridomiciliary population acts as a bridge, receiving genes from the sylvatic individuals and passing them on to the domestic ones.
In this study, the UPGMA dendrogram obtained from profiles generated by RAPD showed a unique group including the insects captured in the three environments, randomly distributed without any separation by sex or environment, based on the low genetic distance values found. Formation of a homogeneous group was not evident even in the peridomicile, where colonization occurred, reinforcing the idea of interchange of insects between environments. In Guatemala, Dorn et al. (2003) and Calderón et al. (2004) observed high levels of genetic variability in Triatoma dimidiata populations, with k values of 79.3-100%, and H of 0.283-0.352. In the present study, we observed much lower values for k = 37.71-45.24% and H = 0.13-0.15, demonstrating a small genetic difference between insects from different habitats. These results coincide with the environmental conditions of Itanhomi, characterized by proximity of the three habitats (intra, peridomestic and sylvatic), absence of domestic bug colonies and reports by the local population of daily household invasions by triatomines.
Isoenzymes may be important population markers for some species of triatomines. Dujardin and Tibayrenc (1985) found three patterns for the enzyme PGM in Triatoma infestans, allowing sylvatic and domiciliary populations to be characterized. Pires (1995) , comparing populations of T. infestans from Bolivia and Brazil, found two patterns for this enzyme among insects from Cochabamba and only one for the Brazilian populations, supporting the hypothesis of genetic simplification as a consequence of passive dispersal in this species, resulting in the selection of extremely homogeneous individuals. Also using isoenzymes, Barbosa et al. (2003) proposed that the hypothetical centre of origin of Panstrongylus megistus be expanded to include Minas Gerais and Bahia, based on the assumption that triatomines should present the greatest variability of habitats. However, in other triatomine population studies based on RAPD and morphometrics, the isoenzymes did not show differences (Dujardin et al. 1987 , Soares et al. 1999 , Borges et al. 2000 . In the present study, this marker showed itself to be extremely homogeneous for the three samples studied, in concordance with previous findings. This is the first report of a T. vitticeps population dynamics study involving taxonomic tools. The similarity of RAPD patterns, absence of differences in size and form, clear sexual dimorphism by morphometry and isoenzymatic monomorphism among the individuals of the three habitats together suggest intense movement of the triatomines between them. This species appears unable to establish intradomiciliary colonies, even though it is frequently captured indoors in Itanhomi with high infection rate.
The population dynamics between different environments defines the natural history of the triatomines and the Chagas disease. According to classic epidemiological patterns, artificial environments are usually colonized by wild triatomines (Forattini 1980) . The concept of colonization (presence of immature nymphs) is directly related to the ability of different species to adapt to artificial environments, forming close associations with domestic and peridomestic animals as well as to humans (Pereira et al. 2006) . In the case of T. vitticeps, we are facing a species with unique characteristics, whose contact with man does not seem to be related to the occurrence of intradomiciliary colonies but rather to repeated invasions of dwellings from surrounding areas. Apparently this contact does not result in transmission of T. cruzi to man, since the prevalence of Chagas disease in Itanhomi is very low (Camargo et al. 1984) . It may be a consequence of the prolonged interval between feeding and defecation in this species (Diotaiuti et al. 1987 , Gonçalves et al. 1988 , Santos et al. 2006 . However one cannot ignore the incursion of this triatomine in houses and thus the importance of epidemiological vigilance, in anticipation of possible behavioural changes in T. vitticeps that could increase the risk of T. cruzi transmission to the human population.
